6 differences in splicing between the shBud13 sample and the scrambled control sample, we 193 calculated the difference in the previously mentioned splicing ratio (SR) metric between shBud13 194 and control for each junction at each time point. This resulting value was designated the ΔSR. A 195 positive ΔSR indicates a junction is more unspliced in the shBud13 sample while a negative ΔSR 196 indicates a junction is more unspliced in the control sample.
197
RNA-seq was performed on RNA from unstimulated BMDMs, as well as macrophages 198 stimulated with TNFα for 0, 30, 60, and 120 minutes. Bud13 knockdown led to a further increased 199 retention of the fourth intron in Irf7 (Fig. 3Ahighlighted intron) . Further, the sequencing coverage 200 plots showed little variation in splicing for the other seven introns in the transcript. This was 201 confirmed when splicing was quantified using the ΔSR metric ( Fig. 3B) . At all stimulation time-202 points, the ΔSR value for the fourth intron was significantly greater than 0, indicating an increase in 203 retention when Bud13 levels were reduced. In contrast, the ΔSR values for the other introns in the 204 Irf7 transcript are negligible. It appears that Bud13 plays a specific role of aiding in the excision of 205 the poorly spliced junction but is not required for total splicing of other introns in the transcript, at 206 least as indicated by the partial knockdown with an shRNA. We next looked at how this retention 207 affected the induction kinetics of Irf7. We observed that the increased retention seen upon 208 knockdown of Bud13 led to decreased induction of Irf7 mRNA in response to TNFα stimulation ( Fig.  8 Finally, we examined whether Irf7 pre-mRNA with a retained fourth intron was able to exit the 246 nucleus and enter the cytoplasm. BMDMs were stimulated with poly(I:C) and fractionated into a 247 nuclear fraction (containing the nucleoplasm and chromatin) and a cytoplasmic fraction. RNA-seq 248 was performed on RNA from the cytoplasmic fraction and the Irf7 mRNA was found to be almost 249 completely spliced (Fig. 4K, L) . In the nucleus, we again observed retention of Irf7 intron 4 ( Fig. 4K,   250 highlighted intron, ΔSR. = 0.35 at 720 mins). Taking the intronic reads across stimulation time-251 points, we notice both that the shBud13 nuclear sample is more unspliced and that the cytoplasmic 252 samples in both the shBud13 and control samples are completely spliced. Thus, unspliced Irf7 is 253 either being degraded in the nucleus, or it makes it to the cytoplasm and is degraded extremely 254 quickly, such that virtually no signal can be detected via RNA-seq.
255
Global analysis of the role of Bud13 in BMDMs.
256
We next investigated global splicing differences caused by Bud13 knockdown. Using the 257 TNFα stimulated data-set, ΔSR was calculated for every junction in every expressed gene. To 258 determine whether splicing differences caused by Bud13 knockdown led to altered gene expression,
259
we compared the effect of the Bud13 knockdown on genes that contained a Bud13 dependent 260 junction to those that did not. (see methods). The median log2 expression fold change (FPKM 261 shBud13/ FPKM control) for genes containing a Bud13 dependent junction was -0.5084. In contrast, 262 the median log2 expression fold change (FPKM shBud13/ FPKM control) for genes without any 263 junctions affected by Bud13 knockdown was -0.2170. Thus, we conclude there is an inverse 264 relationship between IR due to Bud13 knockdown and gene expression (Wilcoxon rank-sum, P< .01) 265 ( Fig. 5A ).
266
Next, it was of interest to us to identify sequence elements that led Bud13 to have its specific 267 splicing effect. The most evident element to explore was the effect of splice site strength on Bud13-268 dependent splicing. Previous work has shown that the yeast orthologue of Bud13 plays a role in 269 efficient splicing for a junction with a weak 5' splice site 13 . Further, the junction affected in Irf7 has a 270 non-consensus 5' splice site. To investigate this issue, we first quantified every 5' and 3' splice site 10 junction, most are located at the 3' junction ( Fig. 6C, D) . Lastly, when comparing introns that have 299 an overlapping eCLIP peak to all introns from expressed transcripts, we see both a length and G/C% 300 bias ( Fig. 6E, F 
308
Taqman qPCR. Next, in order to determine the consequences of impaired Irf7 induction, we 309 determined the yield of virus from BMDMs following a period of infection with a given input MOI.
310
shBud13 BMDMs produce >10 times the amount of VSV as compared to control BMDMs (Fig. 7C ).
311
This difference in viral production is presumably due to the dampened type I interferon response, as 312 well as the corresponding deficiency in ISG production associated with Bud13 knockdown. Finally,
313
we notice increased infectivity across a 24-hour time-course, a finding again consistent with our 314 previous data showing that Bud13 alters Irf7 splicing and thus hinders its ability to amplify the type I 315 interferon response ( Fig. S8 ).
317

DISCUSSION
319
In this study, we sought proteins that might relate to the poor splicing of an intron in Irf7 320 transcripts. Using RAP-MS, we identified Bud13 as a protein that has the ability to increase splicing 321 of the Irf7 intron. In the absence of Bud13, in response to inflammatory stimulus, macrophages 322 produced Irf7 with increased intron retention (IR) and notably less mature Irf7 transcript and protein 323 (Fig. 3C, 4C, 4D, S4C) . Irf7 is the interferon-inducible master regulator of the type-I interferon-324 dependent immune response. 7 Correspondingly, depletion of Bud13 led to a general reduction in 325 ISG and cytokine production, implying a compromised type I interferon response ( Fig. 4E -J, S4D-G).
12
In yeast, differential studies using mass spectrometry 26 
373
Bud13 might simply represent a mechanism that evolved to counter intron retention in a 374 subset of introns that require splicing but happen to be inherently weak. Furthermore, as previously 375 mentioned, IR has emerged as a post-transcriptional mechanism used by the cell to fine-tune gene 376 expression. It is possible that the presence of these weak introns, coupled with regulation of Bud13, 377 aid in the fine-tuning of the transcriptome. Mammalian Bud13 undergoes intensive phosphorylation 378 and acetylation. 20 Additionally, it is intrinsically disordered and co-localizes with nuclear speckles. 33 Bud13 activity or lead to speckle sequestration might allow a cell the ability to quickly adjust the 381 expression of a subset of transcripts.
382
In summary, we found that Bud13 modulates gene expression through its ability to alter IR, Natl. Acad. Sci. U. S. A. 101, 5598-5603 (2004) . 455 19. Sayani, S. & Chanfreau, G. F. Sequential RNA degradation pathways provide a fail-safe 456 mechanism to limit the accumulation of unspliced transcripts in Saccharomyces cerevisiae. 457
Rna 18, 1563-1572 (2012) . Mol. Biol. 20, 1434 -1442 (2013 . 507 42. Budak, G., Srivastava, R. & Janga, S. C. Seten: a tool for systematic identification and 508 comparison of processes, phenotypes, and diseases associated with RNA-binding proteins 509 from condition-specific CLIP-seq profiles. RNA 23, 836-846 (2017) . 618  619  620  621  622  623  624  625  626  627  628  629  630  631  632  633  634  635 24 resuspended in 100ul of NT2 buffer. 4ul of 5M NaCl was added incubated with shaking at 65°C for 2 803 hours. NT2 buffer can also be supplemented with 30 μg of proteinase K to release the RNP 804 component. RNA was isolated by adding TRIzol reagent (Ambion) as per the manufacturer's 805 instructions. RNA was reverse transcribed and quantification was performed using TaqMan qPCR.
807
Immunoblot 808 BMDM samples were prepared as described previously. On day 8, they were plated at similar 809 density. Following adherence, BMDMs were stimulated with Poly(I:C) or CpG for the indicated time.
810
Cells were scraped into subcellular fractionation buffer (20mM HEPES (pH 7.4), 10 mM KCl, 2 mM 811 MgCl2, 1mM EDTA, 1 mM EGTA). The cells were then passed through a 27 gauge needle 10 times, 812 incubated on ice for 10 mins, and spun down at 720xg for 5 min. The pellet contained the nuclei, 813 which was washed with fractionation buffer, passed through a 25 gauge needle 10 times, and 814 centrifuged again at 720xg for 10 mins. The resulting pellet was resuspended in RIPA lysis buffer.
815
Queal amounts of proteins were analyzed by immunoblot using the following reagents: anti-IRF7 816 (Millipore, ABF130), anti-Lamin B1 HRP conjugate (Cell Signalling, D9V6H), and anti-rabbit IgG 817 HRP conjugate (Cell Signalling).
819
Viral Plaque Assays
820
Plaque assays were done one Vero cells. 2.5*10 5 vero cells were plated in a 12 well plate the night 821 before infection. Prior to infection, cells were checked to ensure confluence. VSV was serially 822 diluted and infected in 12 well plate for 1 h. VSV was then removed and cells were layered carefully 823 with DMEM supplemented with 2% FBS and 0.4% agarose. Plate was incubated for 2 days, and 824 then fixed with 10% formaldehyde, for 1 h to overnight. Finally, agarose plugs were removed 825 carefully and cells were stained with crystal violet.
827
VSV-GFP Infection Experiment
828 BMDMs were grown as described above in 150mm dishes. On day 8, following ~72 hours of 829 puromycin treatment, media was removed and 10mL of PBS w/ 2mM EDTA was added. Cells were 830 lightly scraped and 250,000 cells/well were replated in 12 well plates in BMDM media. Cells were 831 left for 12 hours to adhere. Following adherence, VSV-GFP was added at the specified MOI for the 
836
VSV-GFP Viral Supernatant Experiment
837
BMDMs were grown as described above in 150mm dishes. On day 8, following ~72 hours of 838 puromycin treatment, media was removed and 10mL of PBS w/ 2mM EDTA was added. Cells were 839 lightly scraped and 400,000 cells/well were replated in 12 well plates in BMDM media. Cells were 840 left to adhere for 12 hours, before being infected at an MOI of 25 for 8 hours. Following infection,
841
virus was removed and the cells were washed with PBS three times. Then, 500ul of BMDM media 842 (DMEM, 20% FBS, 30% L929 condition media, and 1% Pen/Strep) was added to each well. 18 843 hours later, media was collected and stored at -80°C. To titer viral supernatant, Vero cells were 844 plated in a 96-well plate at 30,000 cells per well in 90ul of D10 media. 12 hours after plating, 90ul 845 supernatant was added to the 90ul of D10 at different dilutions. PFU/mL was calculated from a 846 standard curve with a virus of known concentration.
848
Quantification and Statistical Analysis
849
All statistical analysis was performed in Python (version 2.7.9). Unless otherwise indicated in figure   850 legends, statistical significance measurements were marked as follows: * denotes p < 0.05, ** denotes 851 p < 0.01, *** denotes p < 0.001, and n.s. denotes not significant. RNA-Seq expression and splicing 852 analysis as well as eCLIP analysis is described in more detail below. 
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Figure 1: Irf7 contains a weak intron that is retained following many forms of stimulation. experiments (A, B) and is shown as mean + SEM (B). *P < 0.05, **P < 0.01 and ***P < 0.001. 
